procedure, the yields obtained on the bench top using the prepared capsules provided similar yields to those obtained in the glove box.
Next, Buchwald and colleagues showcased their technique for a carbon-nitrogen bond-forming reaction (an amination; see Fig. 3 of the paper 3 ) that they had previously developed in their laboratory and that is now widely used in every branch of chemistry 7 . The reaction requires a palladium precatalyst (a palladium compound that is converted to an active catalyst during a reaction) and a strong hygroscopic base. The authors encapsulated the precatalyst and the base together, and found that the resulting mixture was stable when stored on a bench top for more than eight months. The result demonstrates that the compounds can coexist under these conditions even though the precatalyst is activated by bases when in solution. This 'amination capsule' worked as well on the bench top as reactions tediously prepared in a glove box 8 . As a finale, Buchwald and co-workers showed that the encapsulation technique could enable carbon-carbon bond-forming reactions known as Negishi cross-couplings, which use moisture-sensitive zinc reagents (see Fig. 4 of the paper 3 ). The encapsulation of one such reagent, 2-pyridylzinc chloride dioxanate, with an appropriate precatalyst facilitated such reactions on the open bench in comparable yields to the analogous glove-box procedure 9 .
Although the encapsulation approach carries many benefits, it will not completely eliminate the glove box because the capsules still need to be prepared in the absence of air. The widespread adoption of this approach for synthesis will also rely on the availability of the capsules, although we expect that vendors will expedite their commercialization and distribution.
The thought-provoking technique opens up many avenues for exploring the reactivity of air-sensitive reagents and catalysts, both in academic settings and in the many areas of industrial science that require the rapid and automated preparation of libraries of structurally diverse compounds. If many catalysts and reagents become readily available as capsules, the influence of this approach will probably be seen in the pharmaceutical, agricultural and materials industries. It may not be too unrealistic to predict that these capsules will do for organic chemistry what Mothes 
Maintaining liver mass
A previously under-appreciated subset of liver cells has been found to contribute to the day-to-day maintenance of liver mass in mice. 2 report that these signals also stimulate the proliferation of pericentral hepatocytes. The cells give rise to descendants that reside beyond the reach of Wnt signals, and that replicate more slowly than their parents (some of the descendants have more than one nucleus). In this way, pericentral hepatocytes contribute to the maintenance of liver mass.
K E N N E T H S . Z A R E T
T he liver has remarkable regenerative powers. Many studies have focused on the ability of different types of cell to replenish both the liver and the bile ducts after damage 1 , but less clear is how the liver selfrenews when cells die naturally. Such homeostatic renewal ensures that the liver maintains an appropriate mass, and so is crucial for health. On page 180 of this issue, Wang et al. 2 shed light on this issue, focusing on an underappreciated, self-renewing cell population in the undamaged livers of mice. It seems that liver cells themselves might function as 'stem cells' for homeostasis when they are positioned in a specialized zone of the liver.
After food has been eaten, nutrients, along with any toxins that have been ingested, are absorbed by the intestine, pass into the bloodstream and are transported directly to the liver for metabolic processing. Liver cells (hepatocytes) control metabolism and act as the first line of defence against toxins. But hepatocytes can be damaged in the line of duty, and chronic liver damage is a major health concern worldwide. Identifying the cell populations in the liver that can repair damage has therefore been a topic of intensive research.
Consider the vascular plumbing of the liver. Nutrient-rich blood from the intestines travels along the portal vein, arriving in the portal zone of the liver, where bile ducts and the hepatic artery also reside. The blood then courses through sinuses in the liver mass, is exposed to hepatocytes for metabolite and toxin exchange, and collects in the central vein. Thus, the portal zone must contend with greater toxic insults than the central zone. Indeed, periportal hepatocytes respond to most forms of liver damage 1,3-5 and can also contribute to homeostatic cell renewal 1, 3 .
However, the liver's anatomy indicates that the central zone might constitute a moreprotected reservoir of cells, and might be a preferable location for cells involved in homeostatic self-renewal. Hepatocytes in the pericentral region immediately adjacent to the central vein are known to replicate slightly faster than other hepatocytes in normal conditions 6 , and to be the only hepatocyte population that expresses genes activated by the Wnt signalling pathway 7, 8 . Wang and colleagues used genetic techniques in mice to indelibly label cells expressing a Wnt-responsive gene, such that these cells and their descendants fluoresced. They then tracked this fluorescent lineage and showed that pericentral hepatocytes self-renew -the cells remain close to the central vein and are not normally replaced by other hepatocytes. Over time, these cells give rise to descendants outside the pericentral zone that can replenish up to 40% of the liver's mass under normal conditions (Fig. 1) . These findings lead to the question of how pericentral hepatocytes differ from other hepatocytes, and whether such differences depend on proximity to the central vein. Consistent with this, it is now recognized that a stem cell's identity can be dependent on the signals that it receives from its local environment 9, 10 . Mammalian cells typically carry two copies of each chromosome, but most hepatocytes carry several copies of this chromosome complement and exhibit chromosomal imbalances on division, making them less than ideal candidates for the population that replenishes the liver 11 . Wang et al. observed that many pericentral hepatocytes have the normal chromosome complement, and so seem better suited to replicating their genomes faithfully when they divide. Finally, the authors found that Wnt signals released from the endothelial cells that make up the central vein are required to maintain the proliferation of pericentral hepatocytes and thus their function in replenishing liver cells.
The discovery that pericentral hepatocytes, along with other hepatocytes 1, 3 , contribute to liver homeostasis opens up many avenues for study. For instance, the relative contribution of each of these cell types to homeostatic regeneration is not known. The role of pericentral hepatocytes in regeneration following non-periportal forms of liver damage also remains to be determined. Could a better understanding of the cells enable self-renewal to be enhanced? Manipulating the Wnt pathway in vivo might provide insights along these lines, as has been shown for liver 'organoids' grown in vitro 12 .
Perhaps the most important question is whether the pericentral hepatocytes behave as a niche-dependent stem-cell population 9, 10 ; that is, whether any hepatocyte placed in the pericentral region, under the influence of endothelial Wnt signalling, would become Wnt-responding, faster-replicating cells, functioning like the original pericentral cells. This crucial test could be carried out by ablating pericentral cells, for example through the transient induction of diphtheria toxin, and determining whether other hepatocytes take on their role. If it could be shown that any hepatocyte -or at least any hepatocyte with a normal chromosome complement -when placed in the pericentral region or exposed to the correct Wnt signalling could be 'activated' to become a more-efficient cell for liver homeostasis, this could have an impact on treatments for chronic liver disease.
But almost all hepatocytes, regardless of their position in the liver, can self-renew and contribute to liver homeostasis 1, 3 . Thus, it may be that it is not appropriate to consider whether any one hepatocyte population is the true homeostatic stem cell. Instead, a more pertinent question might be whether some hepatocytes are better at self-renewing than others.
Interestingly, the authors found that pericentral hepatocytes are the only adult hepatocyte population to express Tbx3, a transcription factor that is essential for the development of hepatoblasts 13 , the precursors of hepatocytes and bile-duct cells in the early embryo. Direct signalling from adjacent endothelial cells promotes embryonic hepatoblast growth 14 . Thus, the peri central hepatocytes live in an environment that shares features with embryonic liver development. But hepatoblasts are bipotential, whereas the pericentral hepatocytes seem to give rise to hepatocytes only, indicating differences in the networks that regulate these cells types. Understanding the similarities and differences between the pericentral hepatocytes and hepatoblasts, and between pericentral hepatocytes and other hepatocytes in the liver, is sure to provide crucial insights for the liver and regeneration research fields. 
